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PREFACE 

This report is one of a series of technical reports resulting from 
work undertaken as part of the Stratford-Avon River Environmental 
Management Project (S.A.R.E.M.P.)* 

This two-year Project was initiated in April 19S0, at the request of 
the City of Stratford. The S.A.R.E.M.P. is funded entirely by the 
Ontario Ministry of the Environment, The porpose of the project 1s to 
provide a comprehensive water quality management strategy for the Avon 
River basin. In order to accomplish this considerable investigation, 
monitoring and analysis has taken place. The outcome of these 
investigations and field demonstrations will be documented strategy 
outlining the program and implementation mechanisms most effective in 
resolving the water quality problems now facing residents of the 
basin. The project Includes assessment of urban, rural and in- stream 
management mechanisms for improving water quality. 

This report results directly from the aforementioned investigations. 
It Is meant to be technical in nature and not a statement of policy or 
program direction. Observations and conclusions are those of the 
author and do not necessarily reflect the attitudes or philosophy of 
all agencies and individuals affiliated with the Project. In certain 
cases the results presented are interim In nature and should not be 
taken as definitive until such time as additilonal support data is 
CO 11 ec ted. 

Reference to equipment, brand names or supplies In this pobli cation 1s 
not to be interpreted as an endorsement of that particular product or 
sypplier. 



Enquiries with respect to this report should be directed to the author 

Ontario Ministry of the Environment, 
985 Adelaide St, South, 
London, Ontario, 
(519) 681-3600 
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ABSTRACT 

A two-year Stratford- A von River Environmental Management Project 
included sampling conducted throughout the Avon River basin 
(tributary to the Thames River) to document the existing water 
quality. Most of the nineteen sampling locations were sampled 
approximately 30 times throughout the study period for various 
chemical and bacteriological parameters. The information collected 
revealed contamination of the river from both rural and urban 
sources. The highest levels of contamination occured during high 
river flow periods and were associated with erosion and poor farming 
practices. 

The Stratford sewage treatment plant also produced its poorest 
effluent during spring runoff and storm events. The rural areas 
contributed phosphorus, ammonia, nitrates, aluminum and bacteria to 
the Avon River, while the parameters of major concern resulting from 
sewage treatment were phosphorus, ammonia and bacteria. 
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1. IiNTROOUCTION 

The Stratford-Avon River Environrriental .Management Project (SAREMP) 
was established to further study and determine the best ways of 
implementing recommendations proposed in the 1979 Ministry report 
"Impact of Waste Inputs on the Quality of the Avon River". This 
present report sumTiarizes the routine monitoring data that were 
collected throughout the basin during the two years of study. 

Regular monitoring data were collected from May, 1980 to August, 
1931 by staff and students of Southwestern Region of the Ministry of 
the Environment. Althogether 19 stations were sampled throughout 
the basin in an attempt to assess existing conditions and the 
relative effects of rural and urban inputs on the water quality of 
the Avon River, fifteen stations were sampled during most of 1980, 
and an additional four (for a total of nineteeen} during late 1980 
and 1981. Three continuously recording dissolved oxygen/temperature 
meters were installed to document fluctuations in dissolved oxygen 
during the summer months. 

2. METHODOLOGY 

The chemical and bacteriological samples were conected 
approximately bi-weekly in the first year and once a month, with 
increased frequency during the spring freshet, in the second year. 
Samples were collected using standard Ministry of the Environment 
techniques and oontainerSm 

The continuously recording dissolved oxygen/temperature meters were 
EIL Model 1510 with Rustrak Model 388 recorders. These meters were 
calibrated approximately weekly using a Model 54 ARC YSI oxygen 
meter that was Itself calibrated by the wet Winkler method. 
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I* RESULTS 

The sampling locations used during the project are shown in Figure 
1. Table 1 presents the average 1980-81 concentration for the 
common parameters, while the actual data are shown in the Appendix. 
Figures 2 through 4 graphically present the 1980-81 minimum daily 
dissolved oxygen values from the continuous recorders at stations 1, 
8 and 12, respectively. Some of the more variable parameters are 
shown graphically in Figures 5 through 13, 

Spatial and temporal patterns of dissolved oxygen, total phosphorus, 
filtered reactive phosphorus, ammonia, nitrates, chlorides and 
bacteriological parameters are discusssd in more detail below. 

3.1 Dissolved Oxygen 

As shown in Table 1, the dissolved oxygen fluctuates widely at all 
stations. THese fluctuations are most pronounced in the lower 
reaches (stations #8 - 13] where concentrations can exceed 200% 
saturation. The minimum concentrations shown in Table 1 represent 
only the daytime minimums when samples were taken. 

Figures 2 through 4 present the minimum dally dissolved oxygen 
concentrations at the continoously recording stations (station #1, 8 
and 12). Nightime dissolved oxygen levels decreased to at least 1.1 
mg/1 at all three stations. This Ministry's dissolved oxygen 
criterion for warm water biota states that the concentration should 
not be less than 47% saturation (temperature dependent). 
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Figure 1. Sampling locations on the Avon River 1980-81, 



Table 1. Concentrations at the sampling locations on the Avon River for select parameters 
(mg/1 unless otherwise noted). 





station 


Dissol 


ved Oxygen 


(daytime) 




BOD5 






Phosphorus 


as P 






Ave 


Max 


Min 


Ave 


Max 


Min 




Total 








Ave 


Max 


Min 


Sol 




#1 


11.6 


17.0 


6.8 


1.7 


5.4 


0.3 


0.077 


0.350 


0.024 


0.023 




#1A 


11.4 


17.9 


1.9 


1.6 


3.2 


0.1 


0.091 


0.255 


0.044 


0.013 




#18 


15.6 


— 


— 


2.0 


— 


-« 


0.104 


-- 


-- 


0.037 




#1C 


13.3 


17.6 


7.2 


1.9 


8.2 


0.3 


0.091 


0.390 


0.014 


0.015 




#1D 


12.9 


G20.0 


5.8 


1.4 


3.4 


0.2 


0.086 


0. 245 


0.034 


0.035 




#2 


12.7 


17.2 


8.5 


1.8 


7.8 


0.2 


0.110 


0.440 


0.047 


0.049 




#3 


11.3 


14.4 


6.8 


1.6 


3.8 


0.3 


0.078 


0.290 


0.030 


0.024 




m 


10.3 


17.4 


6.4 


1.6 


3.2 


0.2 


0.090 


0.182 


0.017 


0.037 


1 


#5 


10.9 


15.0 


5.7 


2.6 


9.4 


0.4 


0.105 


0.280 


0.034 


0.037 


.li 


#6 


10.2 


14.7 


4.6 


3.0 


7.6 


0.6 


0.097 


0.222 


0.034 


0.019 




STP 


9.7 


13.3 


5.8 


6.28 


40.0 


0.2 


0.702 


3.70 


0.044 


0.327 




#7 


10.9 


16.6 


5,8 


4.5 


11.6 


0.4 


0.281 


1.35 


0,072 


0.145 




#7A 


12.0 


15.0 


7.4 


1.9 


G15.0 


0.1 


0.156 


1.55 


0.030 


0.097 




#8 


14.3 


G20.0 


8.1 


2.9 


6.6 


0.6 


0.190 


.880 


0.060 


0.109 




#9 


13.4 


G20.0 


7.8 


2.3 


8.0 


0.7 


0.163 


.670 


.038 


.089 




#10 


14.3 


620.0 


7.8 


2.3 


6.8 


0.4 


0,150 


.500 


.045 


.075 




#11 


13.9 


G20.0 


7.8 


2.0 


5.4 


0.5 


0.127 


.450 


.030 


.063 




#12 


12.7 


G20.0 


IJ 


1.9 


5.8 


0.5 


0.115 


,375 


.028 


.059 




#13 


13.3 


G20.0 


7.9 


1,0 


6.6 


0.5 


0. 126 


.360 


.013 


.066 



Table 1. 


(conti 


nued) 






























Nitroge 


n as N 








Bacte 
FC 


ri a/100 ml 
FS 


PA 


Susp. 
Solids 


pH 


Cond 
umhos/cm-^ 


Chloride 
as C1- 




Station 


Kjel 




FA 




NO2 


NO3 






Ave 


Max 


Min 




#1 


0.939 


0.173 


1.1 


L.005 


0.049 


4.3 


417.0 


352.7 


4.4 


15.9 


7.92 


585.7 


15.8 




#1A 


1.21 


0.071 


0.230 


.005 


0.047 


6.1 


116.2 


334.2 


4.4 


21.6 


7.87 


526.7 


14.3 




#16 


1.34 


0.215 


'-^ 


iii>«».i 


0.035 


14.4 


600.0 


600.0 


L4.0 


32.1 


7.67 


660.0 


25.0 




#1C 


1.12 


0.049 


0. 205 


.005 


0.035 


11.3 


35,1 


145.6 


4.2 


45.8 


8.01 


555,4 


13.6 




#1D 


0.846 


0.077 


0.355 


.010 


0.039 


3.1 


191.4 


180.8 


5.3 


14.0 


7.95 


524.0 


8.6 




#2 


0. 906 


0.113 


1.18 


.010 


0.043 


3.5 


481.7 


583.2 


7.3 


20.2 


8.1 


567.0 


11.3 




m 


0.877 


0.117 


0.330 


L.005 


0.049 


4.0 


634.8 


390.2 


5.8 


25.5 


7.9 


588.7 


14.6 




#4 


1.24 


0.120 


0.805 


.005 


0.026 


3.33 


510.0 


471.8 


8.4 


9.4 


8,0 


tti 


29.8 




#5 


1.30 


0.314 


1.40 


.005 


0,044 


3.60 


305.5 


189.9 


8.8 


13.8 


7.9 


673.9 


34.6 




#6 


1.16 


0.145 


0.660 


L.005 


0.036 


3.20 


227.0 


215.6 


8.6 


23.9 


8.0 


680.3 


34.9 




STP 


4.25 


3.15 


17.6 


.035 


0.509 


9.42 


2028.0 


1240.0 


9.9 


7.1 


7.6 


1613.0 


220.0 




#7 


1.99 


0.754 


4.70 


L.005 


0.226 


6.16 


1121.0 


466.9 


10.7 


22.6 


7.9 


898.0 


90.0 




#7A 


1.04 


0.138 


2.35 


0.005 


0.038 


5,93 


601.0 


887.3 


6.6 


9.2 


8.0 


732.9 

• 


51.4 




#8 


I*! 


0.468 


1.45 


0.010 


1.18 


5.68 


576.7 


301.9 


6.3 


15.1 


8.2 


906.1 


80,8 




#9 


IJ 


0.329 


1,05 


,005 


1.55 


5.50 


366.3 


154.7 


7.9 


14.3 


8.2 


909.2 


80.8 




#10 


l.i 


0.257 


1.08 


0.005 


0.157 


5. 22 


335.5 


155.5 


6,5 


13.6 


8,3 


884.7 


79.9 




#11 


1.14 


0.222 


1.0 


0.014 


0.94 


4.95 


249.5 


110.7 


6.0 


12.4 


8.3 


876,9 


76.1 




#12 


1.11 


0.213 


1.0 


0.005 


0.072 


5.2 


181.1 


170.0 


5.7 


11.4 


8,4 


821.4 


69.0 




#13 


1.28 


0.319 


1.70 


L.005 


0.369 


4.6 


220.3 


174.3 


5.7 


13.2 


8.4 


860.0 


85.6 





G = Greater Than 

L = Less Than 

* value represent upper limits for means since several observations are not given precisely but as upper limits. 
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FIGURF 2: niNIMUM DAILY DISSOLVED OXYGEN LEVELS RECORDED AT STATION II, JUNE 1980 - AUGUST 19B1 
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I 

OO 

I 







JUNE 

1980 



FIGURE 4: MilNIHUM IDAILY DISSOLVED^ OXYGEN' LEVELS RECO'RDED AT STATION #12' JUNE Tnso - AUGUST 19H1 



3.2 Total Phosphiorus ' 

The average total! phosphorus concentration at the farthest upstream 
station (IC) was 0.091 mg/l. This concentration decreased to 0.077 
at statioin #1 and that level was aiaintalned to the outskirts of the 
City of Stratford (Station 5). The tributary stations ID, 2 and 
4-exhib1tad somewhat higher levels, similar to those observed at the 
upstream station. Within the city, however, average concentrations 
of total phosphorus in the river water increased to the 0.1 mg/l 
range. 

The discharge from the Stratford sewage treatment plant (STP) 
entering the river downstream of the cityj contributed an average of 
0.702 mg/l total piiosphorus, with maximum and minimum values of 3.70 
and 0.04 mg/l, respectively* Downstream of the STP, at Station #7, 
stream concentrations were higher than ustream of the plant, 
averaging 0.281 mg/l. Station #7A, another tributary station, 
contributed an average ooncentration of 0.156 mg/l. At the 
remaining downstream stations, the concentration of total phosphorus 
deer e as ed wi t h d 1 s ta nee to the mo u th , At the 1 as t s t at ion ( s t at 1 o n 
#13) the phosphorus concentrations averaged 0.126 mg/l. Figure 5 
presents the above data in a graphical format. 

Figures 6 and 7 provide plots of the percentage of time total 
phosphorus measurenents exceeded certain concentrations at stations 
1 and 10. At station 1, 14% of the samples collected were within 
the Ministry's Objective of 0.030 mg/l, 52% were 0.040 mg/l or less* 
62% were 0.050 mg/l or less, and 72% were 0.060 mg/l or less* 
Downstream from the sewage treatment plant at station 10, none of 
the samples were within the Objective of 0.030 mg/l, none were 0.040 
mg/l or less, 4% were 0.050 mg/l or less, and 15% were 0.060 mg/l or 
1 ess • 
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Figure 5. Average 1980-81 total phosphorus concentrations measured in the Avon River 
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FIGURE 6: INDIVIDUAL TOTAL PHOSPHORUS CONCENTRATIONS MEASURED AT STATION #1, 1980-81 
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FIGURE 7: INDIVIDUAL TOTAL PHOSPHORUS CONCENTRATIONS MEASURED AT STATION #10, 1980-81 
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3.3 Filtered Reactive Phosphorus 

The filtered reactive phosphorus average concentrations upstream of 
Stratford ranged fromi 0.013 to 0.049 img/l. At station #5 the 
concentration was 0.037 mg/1, dropping to 0.019 mg/1 upstream of -the 
sewage treatment plant. The sewage treatment plant contributed an 
average of 0.322 mg/1 filtered reactive phosphorus. The downstream 
concentration at station 7 was 0.145 mg/1. The rural tributary 
station #7A had an average concentration of 0.097 mg/1. Downstream 
of station 7, filtered reactive phosphorus concentrations were 
progressively lower with increasing downstream distance. At station 
13, near the confluence with the Thames River, average concentration 
was only 0.066 mg/1. 

The above Information is shown graphically in Figure 8* 

3.4 Ammonia 

The average ammonia concentration at stations upstream of the City 
of Stratford varied from 0.049 to 0.117 mg/1. At station 5, within 
the City of Stratford, the aveage concentration was somewhat higher 
at 0.314 mg/1. At station #6, the average concentration was reduced 
to 0,145 mg/1. The sewage treatment plant discharged an average 
ammonia concentration of 3. IS mg/1. Downstream at station 7, the 
ammonia concentration Increased to 0.754 mg/1. The concentration of 
ammonia decreases to 0.319 at station #13. All the above 
Infomnation is shown graphically in Figure 9, 
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Figure 8. Average 1980'-81 dissolved reactive phosphorus concentrations measured in the Avon River 



3.5 Nitrate 

The nitrate concentrations are shown in Figure 10. The average 
concentrations at stations upstream of the City of Stratford vary 
from 3.1 to 14.4 mg/1. The average concentration entering the city 
(station 3) is 4.0 mg/1 and decreases to 3.02 mg/1 upstream of the 
discharge from the sewage treatment plant. The STP discharge had a 
average concentration of 9.42 mg/1 which doubled the downstream 
concentration (station #7) to 6.16 mg/l. Nitrate levels decrease 
with increasing downstream distance, reaching 4,4 mg/1 at station 

IT 1 S * 



3 . 6 Fecal CoHform and Fecal Streptococcus Bacteria 

The geometric mean fecal coTiform and fecal streptococcus 
concentrations observed in the Avon River during the survey are 
shown in Figures 11 and 12, respectively. Gemetric mean levels of 
both types of bacteria are variable at all stations upstream of the 
city. Upon entering the city (station 3), average levels are 635 
and 390 per 100 mis for fecal coliforms and fecal streptococci, 
respetively. Through the city, the levels of fecal colilforms and 
fecal streptococci decrease to 226 and 216 per 100ml s at station 6. 
The geometric mean concentration of fecal coliform and fecal 
streptococci in the sewage plant discharge was 2028 and 1240 per 100 
mis r^pectivly. Fecal colifonn and fecal streptococci levels below 
the sewage plant at station 7, were higher at 1121 and 467 per 
lOOmls. Further downstream, the levels gradually decreased to a 
minimum of 220 and 174 for fecal coliform and fecal streptococci 
r^pectively at station 13, 
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Figure 9. Average 1980-81 ammonia concentrations m,easured in the Avon River 
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Figure 10'. Average 1980-81 nitrate C'Oncentrati'Ons measured in the Avon River 



IJoo 
l'4oo 
13m 
iZoo 
I me 

10' 00. 

800. 
7oo 

Soo 
Hoo 

3,00' 

2oo 

I Q,0 i 



/lO'O' ml 



2oaS 




Figuxe 11., 1980-81 geometric mean levels of fecal coliforms measured in the Avon Ri 
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Figure 12, 1980-81 geometric mean levels of fecal streptococcus measured in the Avon River „ 
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TABLE 2: Heavy Metal Concentrations at Sampling Stations on the Avon River - 1981* 



Sanpling TYPE** Al Cd Cr ft Hi Cu Zn 

Station AVE MAX AVE MAX AVE MAX AVE MAX AVE MAX AVE MAX AVE MAX 



i UNFILTERED .71 3.2 L.002 L.Ol L.088 .3 L.006 L.Ol L.024 .042 L.020 .059 L.026 L.03 

FILTERED L.28 ,8 L.0002 .0003 L.1 L.l L.005 L.005 L.025 L.025 .013 .017 L.03 L.03 

i UNFILTERED .666 1.7 L.0004 L.OOl L.072 .2 L.007 .013 L.019 L.025 .Oil .015 L.068 .112 

FILTERED L.15 .3 L.0002 L.0002 L.l L.l L.005 L.005 L.025 L.025 .012 .015 L.Q3 .03 

STP UNFILTERED .32 .52 L.002 L.Ol L.085 .1 L.006 L.Ol L.022 L.025 L.013 .015 .059 .10 

FILTERED 4 ,1 L.0002 L.0002 L.l .1 L.005 L.005 L.025 L.025 .014 .022 .058 .10 

7 UNFILTERED .343 .9 L,0021 L.01 L.055 L.l L.007 L.Ol L.02 L.025 L.013 .02 .04 .062 

FILTERED L.125 .2 L.0002 L.0002 L.l L.l L.005 L.005 L.025 L.025 .012 .017 L.035 .04 

10 UNFILTERED L.366 .53 L.0004 .001 L.071 L.l L.006 .01 L.019 L.025 .014 .03 L.038 .054 

FILTERED L.15 .2 L.0002 L.0002 L.l L.l L.005 L.005 L.025 L.025 .012 .016 L.03 L.03 



WE Criterion 0.1 - .0002 * i«l * 0.025 - 0.025 - 0.005 - 0.03 

* Raw data is given in Appendix B. "L" denotes "less than". 

** Sample size for the unfiltered results in 7 and 4 for the filtered results* 



3.7 Chlorides 

The average chloride concentratioins upstreain of Stratford were 
relatively constant in the 12 to 15 mg/1 range. Within the city, 
the levels rose to approxiinately 35 mg/l above the sewage plant 
where the discharge contributed a concentration of 220 mg/1. At 
station #7 below the sewage plant, the concentration was 90 mg/1 and 
remained in the 70 to 85 mg/1 range for the remaining downstream 
stations. This is shown graphically in Figure 13. 

3.8 Heavy Metals 

A sunmary of the heavy metals in water at stations 3, 6, STP, 7 and 
10 are shown in Table 2, while raw data are given in Appendix B. 
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Figure 13. Average 1980-81 chloride cO'ncentratiO'ns rn,easured in the Avon River 



4. DISCUSSION 

Analyses of the data frora the upstream rural stations -IC, lA, IB, 1, 
2, 3 and 4 - revealed deteriorated water quality. Elevated 
phosj^orus levels result in excessive weed growths which in turn 
affect the dissolved oxygen regime of the river. Extreme diurnal 
dissolved oxygen fluctuations resulted from high rates of 
photosynthesis (producing oxygen) and respiration (using oygen) in 
the plant community. As shown in Figure 2, the minimum daily 
d i s so 1 ved o xy gen 1 e ve 1 s v i o 1 at ed the M 1 n 1 s tr y of the E nv 1 r o nme n t ' s 
dissolved oxygen criterion at station 1 quite regularly. 

Concentrations of phosphorus, nitrogen and suspended solids 
fluctuate widely from sample to sample. The data in Appendix A show 
that highest concentrations occured during the spring freshet and 
during rain events. These results suggest that the elevated levels 
result from erosion and agricultural runoff. 

The bacterial quality of the Avon River in the upper rural areas 
also reveals contamination. Fecal coliform and fecal streptoccci 
levels reveal moderate to gross contamination depending on the 
Individual sample. Using the ratio of fecal coliform to fecal 
streptococci concentrations developed by E. E. Geldreich (1), 
sources of contamination can be determined. The August 12, 1980 
sample at station #1 would suggest human pollution while the 
Febryary 17, 1981 sample at this same station suggests pollution 
from an animal source. In most of the other samples, there is no 
clear indication of the type of source. This would suggest that 
there are a combination of sources or that the sample is not 
sufficiently fresh to determine origin. 
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Elevated concentrations of aluminum and copper enter the city 
(St. #3) from an unidentified rural source or sources. The maximum 
filtered aluminum concentration was eight times the M.O.E. criterion 
(2) to protect the growth and survival of fish. Further studies are 
underway in an attempt to locate the source and determine If it is 
natural or human in nature. 

Stations 5 and 6 reveal the impacts frora urban areas in Stratford 
other than those associated with the sewage treatment plan. The 
doubling of the chlorides would suggest discharges entering the 
river throughout the city. Decreases in total phosphorus, free 
ammonia and nitrates are recorded through the city. This may be 
attributed to the impact of Lake Victoria on water quality (see 
Impact of Lake Victoria on the Water Quality of the Avon Rivef, 
Technical Report S-1, SAREMP), Aluminum and copper concentrations 
still remain above the Ministry's criteria through this reach. 
However, concentrations have decreased from the levels detected at 
Station #3 (upstream of the city). This may be attributed to 
dilution or settling. Zinc concentrations Increase through this 
reach resulting in violations of M.O.E. criterion. Storm sewers are 
a likely source of contamination (see Characterization of Induistrial 
Sanitary Discharges, Technical Report U-6j SAREMPJ, 

The geometric means of the bacteriological parameters decrease 1n 
the city, probably as a result of dilution and settling. However, 
individual isolated samples show increases In fecal coliforms and 
the bacterium Pseudomonas aeruginosa . This may be the result of 
storm sewers discharging to the river. 

Because of the small size of the watershed and the low base-flow 
conditions, the Stratford sewage treatment plant effluent sometimes 
constitutes the majority of river flow downstream of Stratford. In 
order to simplify data display and interpretation. Figures 5 to 13 
average all of the data collected under a wide variety of river flow 
conditions. The chloride data, displayed In Figure 10, can be used 
to calculate the average dilution the river provided to the STP 
effluent for all of the conservative parameters collected. 
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The average ratio of upstreajn flow to ST? flow is calculated to be 
2.4:1. Hence, the data displayed and interpreted in this report 
reflect a condition in ^hich dhe STP discharge account for about 30% 
of the river flow downstream of Stratford. It should be kept in 
mind that in low flow periods, the percentage of STP flow would be 
higher and hence STP impact would be greater. 

The Stratford sewage treatment plant had an average of 3.15 mg/1 
(range 17.6 - 0.035) free ammonia in its discharge. The un-lonized 
fraction of the free amonia is the toxic portion and is dependent on 
the temperature and pH conditions. The higher the Ph and 
temperature, the higher the un-ionlzed fraction of anfnonia. Amtionfa 
is oxidized to nitrate in the sewge treatment process. Good 
nitrification of ammonia at the STP occurs during the suiimer and 
fall months. This results in minimal ammonia toxicity in the Avon 
River. Using the maximum concentration of amnonia in the discharge 
and the river pH and temperature at station #6, the resultant 
unionized ammonia was .34 mg/1. The MOE criterion for unionized 
anmonia to protect aquatic life is 0.02 mg/1. Usually the unionized 
ammonia has. little impact on the river due to the spring high flows 
and the cold water temperatures. 

The total phos^orus in the sewage plant discharge averaged 0.70 
mg/1, ranging from 3.70 to 0.044 mg/1. The high concentrations 
occurred during high plant flows in the spring of 1981. The 
concentration of 0.052 mg/1 total phosphorus was observed during 
phosphorus removal experiments at the sewage treatment plant. By 
adding a second alum dosage location, vastly improved removal 
efficiencies were documented (see Technical Report U-4, SAREIVIP). 
Earlier Ministry reports reconmend that the phosphorus 
ooncentrations in the discharge form the Stratford sewage treatment 
plant be reduced to the lowest levels possible. 

The percent of dissolved reactive phosphorus to total phosphorus 
does not change drastically throughout the watershed. Typically 1/3 
to 1/2 of the total is dissolved reactive phosphorus. There was 
alw^s a substantial concentration in the river. This would 
indicate that during the study period, phosphorus not limiting to 
plant growth. 



- 25 - 



During the phosphorus removal studies at the STP in July 1981, the 
di solved reactive phosphorus averaged 0.009 mg/1. Below the 
discharge at station #7, the concentration dropped to 0.002 mg/1. 
At these levels phosphorus may De limiting. Concentrations then 
slowly increased with distance downstream. 

The discharge from the sewage treatment plant is chlorinated on a 
seasonal basis. This explains the high concentrations of bacterial 
organisms in the discharge outside of the May to November period. 
The toxicity of chlorine is felt to have a more significant impact 
on the river than the bacterial quality during the non-recreational 
periods of the year. As shown in Appendix A, bacterial kill in the 
discharge is yery good when chlori nation is practiced. 

The heavy metal concentrations discharged by the sewage treatment 
plant were lower or similar to the concentrations in the river. 
Even though the discharge violated this Ministry's copper and zinc 
criteria, it did not effect the river because of the elevated 
upstream concentrations. 

There is a definite impact on certain; water quality parameters at 
station #7 because of the STP. The increases In the various 
parameters can be attributed to the STP discharge, possibly along 
with the Lome Street storm sewer. On April 27, 1981 this station 
was above this Ministry/s criterion for un- ionized ammonia. This 
was the maximum value recorded at station #7 and it corrKponds to 
the maximum ammonia discharge observed at the STP. All other 
samples were within our anmonia objective for ammonia. 

The total phosphorus, nitrate and bacterial quality at station 7 
were also clearly affected by upstream discharges. When elevated 
concentrations are discharged upstream (spring and wet weather 
events) the quality at this station acts as the imnediate window 
reflecting drastic variations 1n water quality. Examples of this 
are free amnonia - 4.70 to less than 0.005, total phosphorus - 1.35 
to 0.072 and BODg ranging from 11.6 to 0.4 mg/1. 
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The Dicterial quality is also a reflection of the upstream sources. 
The concentrations are higher during the periods of no chlori nation 
at the STP. The presence of Pseudomonas aeruginosa would suggest a 
periodic health hazard. 

Station 7A is a tributary station draining agricultural land. 
Concentrations of various pollutants are generally more elevated 
than the other upstream rural stations discussed earlier. However, 
the effects are not as pronounced on the water quality after mixing, 
due to the increased concentrations in the river below the sewage 
treatment plant. The presence of the bacterium Pseudomonas 
aeruginosa would also suggest a public health hazard exists due to 
the bacterial quality of the stream at this station. 

The ronalnlng six downstream stations generally show improving water 
quality with distance to the mouth, the dissolved oxygen shows the 
widest variations at these lower sites due to the density of aquatic 
plant growth. Ideal substrate and a sufficient continuous supply of 
phosphorus results 1n luxuriant growth in the lower reaches of the 
river. The rspiration of the above mentioned aquatic plants cause 
violartions in this Ministry's dissolved oxygen criteria during the 
peak growth phases of the aquatic plajits (see Figures 3 and 4). 

The sewage treatment plant does contribute significant phosphorus to 
the systeiTi, However, upstream rural inputs are elevated enough to 
cause similar problems if the sewage treatment plant was ranoved 
from the river. The reduction In concentrations of phosphorus aind 
nitrates are probably a result of aquatic plant uptake. 

The amnonia concentrations below station 7 are not high enough to 
result in un -ionized ammonia toxicity. The STP inputs are diluted, 
assimnated, volatilized and/or settle out to reduce the Instream 
concentrations. The relatively constant concentraion of chlorides 
would Indicate that the dilution is not one of the main causes of 
reduction in the lower section of the river. A study of airmonia 
toxicity imnedlately below the STP is documented elsewhere (SAREiyiP 
Tichnlcal Report S-8|. 
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The Dacterial quality of the river is still in the contaminated 
range even though the counts reduce with distance to the mouth. The 
presence of Pseudomonas aeruginosa indicates that a potential health 
hazard does exist in the lower river. The noticeable reduction in 
concentrations is probably a result of settling and natural die-off 
of these organisms. 



5. CONCLUSIONS AND RE 00 MM EN OAT IONS 

The Avon River is contaminated as a result of both urban and rural 
practices. The main contributor within the City of Stratford 
appears to be the sewage treatment plant. Seasonally high levels of 
phosphorus, ammonia and bacteria are being discharged during the 
non-recreational periods of the year. These concentrations result 
1n water quality impairement below the sewage treatment plant* 

The phosphorus removal experiments conducted in 1981 could be 
continued on an operational basis to achieve the best removal 
possible during the summer and fall. This would reduce downstream 
concentrations of phosphorus and may help control the growth of 
aquatic biomass. Dissolved oxygen levels would then improve. 

Excellent levels of nitrification of ammonia at the sewage treatment 
plant were achieved in 1980, A drastic reduction in nitrification 
was evident in the following year, increasing the risk of ammonia 
toxicity. If the sewage plant had achieved similar nitrification 
levels in 1981, there would have been no ammonia toxicity at or 
below station 7. 

Bacteria counts were high in the discharge during the 
non-chlori nation season. Sporadic discharges of Pseudomonas 
aeruginosa suggest a potential health hazard downstream when the 
discharge is not chlorinated. The extreme toxicity to aquatic life 
of chlorine must be weighed against the human uses of the stream 
during the winter and spring. 
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The rural areas contribute tO' elevated concentrations of phosphorus, 
ammonia J nitates and bacteria. Improved livestock and manure 
management and soil conservation by erosion control would help 
reduce this rural impact. Specific control measures include 
restricted cattle access, buffer strips, grassed waterways, proper 
drain construction, minimum tillage and crop rotations, just to name 
a f ew , 1 1 s ho u 1 d be po i nt ed o ut , how e ver , t hat t he o ver al 1 ben ef i ts 
of these rural measures must be carefully assessed, particularly in 
light of the fact that the S.T.P. discharge results in a major 
impact on the r1 ver. 

As a result of the above-mentioned documentation of deteriorated 
water quality in the Avon River; it Is recommended that: 

1* Instream TP levels be moved towards the MOE criterion levels by 
controls of urban (STP effluent) and/ or rural agricultural 
sources . 

i* The variability of STP effluent nitrification levels be studied 
in order to determine if consistently high n1 tr if 1 cation levels 
are attainable. High nitrification would reduce the likelihood 
of ammo ni a to x1 c 1 ty . 

3. Rural sources of bacterial contamination be identified and STP 
disinfection procedures be examined in order to assess the 
control abi 1 i ty of 1 ns tream bacter 1 al oont ami nat1 on . 
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11.9 


9.4 


1.4 


r, 4 


29"? 
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0.056 


0.012 


0.02 


0.74 


0,011 


1.17 


11.5 


9. 
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21/ S/RO 


11.5 


14 


1.4 


r. 4 
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0.018 


0.01 


0.76 


0.03 
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7 


9. 
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14 
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6.R 


12.9 


■'Jt 


40 


17000 


5700 
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0.015 


0.115 


1.11 


0.09 


1.7 


17 


7. 


, 99 


590 


16 
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9.8 


16.2 


1.6 


4 
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290 


0.064 


0.026 


0.22 


0.91 


0.112 


2.6 


9.5 


8. 


,01 


590 


14 
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7.5 


20.5 


2.7 


r. 4 


3900 
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0.084 


0.003 


0.1 


1.11 


0.057 


1.71 


28.9 


7. 


,9 


540 


12 
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8. 14 


19.2 


2.2 


260 
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1700 
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0.04 8 


0.115 


0.94 


0.101 


1.9 


9.2 


7, 


93 


57 


16, 


5 
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7,7 


20.5 


0.7 


r. 4 
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0.036 


0.007 


0.035 


0.54 


0.019 


1.74 


2.5 


7. 


.96 


560 
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10.4 


16 


0.9 


f, 4 
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0.037 


0.007 


0.02 


0.67 


0.034 
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9. 


.04 


595 
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5 
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9.6 


16 


0.9 
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2600 
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0.04 
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1.6 
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0.03 
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7. 
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8. 


5 
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10.7 
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4 
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0.205 
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0.28 
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0.33 
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9 


76 
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,17 
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19 
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n 
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17 
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Heavy Metal Concentrations at Sampling Locations on 
the Avon River - 1981. 
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L.0002 


L.Ol 


L.006 


L.Ol 


L.01 


.03 


.1 


L.0002 


L*l 


L.005 


L.025 


.010 


.04 


MAX 


0.52 


L.Ol 


.1 


L.01 


L.025 


.015 


.10 


.1 


L.0002 


L.l 


L.005 


L.025 


.022 


.10 


AVE 

■if -aUrt n-P 


0. 32 


L.002 


L.085 


L.006 


L.022 


L.013 


.059 


.1 


L.0002 


L.1 


L.005 


L.025 


.014 


.068 



APPENDIX B 


(conf 


d) 
































UNFILTERED 












FILTERED 








DATE 


Al 


Cd 


Cr 


Pb 


Ni 


Cu 


2n 


m 


m 


Cr 


Pb 


Ni 


Cm 


li' 








STAT 1 01^ 


1 7 


L.Ol 




















,— s_ 


.25* 


L.Ol 


L,01 


L.Ol 


L.Ol 


.044* 
















12/11/81 


.2 


.0008 


L.l 


L.005 


L.025 


.011 


.03 
















18/11/81 


.2 


L.0002 


L.l 


L.005 


L.025 


.013 


,04 


A 


L.0002 


L.l 


L.005 


L.025 


.010 


.04 


24/11/81 


.3 


L.0002 


L.l 


L.005 


L.025 


.009 


,04 


.1 


L.0002 


L.l 


L.005 


L.025 


.010 


.04 


02/12/81 


.9 


L.OOl 


L.Ol 


L.Ol 


L.Ol 


.02 


.052 


.2 


L.0002 


L.l 


L.005 


L.025 


.013 


.03 


09/12/81 


.3 


L.0002 


L.Ol 


L.005 


L.025 


L.017 


.03 


L.l 


L.0002 


L.l 


L.005 


L.025 


.017 


L.03 


MIN 


M 


.0002 


.01 


.005 


.01 


.009 


.03 


.1 


.0002 


L.l 


L.005 


.025 


.010 


L.03 


MAX 


s 


L.Ol 


L.l 


L.Ol 


L.025 


.02 


.052 


.f 


L.0002 


L.l 


L.005 


L.025 


.017 


.04 


AVE 


.343 


L.0021 


L.055 


L.007 


L.02 


L.013 


.04 


L.125 


L.0002 


L.l 


L.005 


L.025 


.012 


L.035 










STATION 


10 



















-^ — - = 


__ 


.53* 


.0004 


.014 


L.003 


.004 


.008 


.045* 














12/11/81 


L.l 


.0004 


L.l 


L.005 


.025 


.010 


L.03 
















18/11/81 


.1 


L.0002 


L.l 


L.005 


L.025 


.013 


L.03 


L.l 


L.0002 


L.l 


L.005 


L.025 


.010 


1 .03 


24/11/81 


.3 


L.0002 


L.l 


L.005 


L.025 


.009 


L.03 


.2 


L.0002 


L.l 


L.005 


L.025 


.010 


L.034 


02/12/81 


.8 


L.OOl 


L.Ol 


L.Ol 


L.Ol 


.03 


.054 


.2 


L.0002 


L.l 


L.005 


L.025 


.016 


L.G3 


09/12/81 


.2 


L.0002 


L.l 


L.Q05 


L.025 


.016 


L.03 


L.l 


L.0002 


L.l 


L.005 


L.025 


.014 


L.03 


MIN 


L.l 


L.0002 


L.Ol 


L.003 


L.004 


.008 


L.03 


L.l 


L.0002 


L.l 


L.005 


L.025 


.010 


L.03 


MAX 


.53 


.001 


L.l 


L.Ol 


.025 


.03 


.054 


.2 


L.0002 


L.l 


L.005 


L.025 


.016 


L.03 


AVE 


L.366 


L.0004 


L.071 


L.006 


L.019 


.014 


L.03 


L.15 


L.0002 


L.l 


L.005 


L.025 


.012 


L.03 



* ave of 2 data points 



m 



APPENDIX C: 



I 

I 



Mean Pesticide Concentrations at Sampling Locations on the Avon River 
Sarap ling Station lA ID 3 7 



Parameter: 






Atrazine 


9/ 


0.9 


0. Atrazine 


9/ 


0.5 


other Triazines 


9/ 


NO 


Simazlne 


2/ 


ND 


D. Simazine 


1/ 


NO 


Organo phosphates 


8/ 


ND 


Organo chlorides 


5/ 


ND 


P.C.B. 


8/ 


0.006 


Heptachlor Epoxide 


3/ 


NO 


Endosulphan 


3/ 


ND 


Dicamba 


5/ 


LO.l 


Mecoprop 


5/ 


ND 


MCPA 


5/ 


ND 


Dichloroprop 


5/ 


ND 


24D 


5/ 


ND 


Si 1 vex 


5/ 


ND 


245- T 


5/ 


ND 


MCPB 


5/ 


NO 


24DB 


5/ 


NO 


DOE 


1/ 


0.010 


P.P. DOT 


1/ 


0.062 


O.P. DDT 


1/ 


ND 


Cyanazine 


2/ 


0.6 



13 



sample size/ppb 












9/ 0.3 


9/ 


1.2 


10/ 0.6 


10/ 0.9 


7/ 0.3 


6/ 


0.5 


9/ 


0.3 


10/ 0.4 


9/ ND 


9/ 


ND 


9/ 


ND 


9/ ND 


2/ ND 


2/ 


0.14 


2/ 


0.11 


2/ ND 


1/ ND 


1/ 


ND 


1/ 


ND 


1/ ND 


8/ ND 


8/ 


ND 


8/ 


ND 


8/ NO 


5/ ND 


5/ 


NO 


5/ 


ND 


5/ ND 


8/ 0.002 


8/ 


0.002 


8/ 


0.006 


8/ 0.008 


3/ 0.0003 


3/ 


0.0003 


3/ 


0.003 


3/ 0.007 


3/ ND 


3/ 


ND 


3/ 


0.031 


3/ 0.003 


5/ LO.l 


5/ 


LO.l 


5/ 


LO.l 


5/ LO.l 


5/ NO 


5/ 


0.26 


5/ 


ND 


5/ ND 


5/ ND 


5/ 


ND 


5/ 


0.12 


5/ NO 


5/ ND 


5/ 


ND 


5/ 


0.04 


5/ 0.04 


5/ 0.06 


5/ 


0.08 


5/ 


0.16 


5/ 0.18 


5/ ND 


5/ 


ND 


5/ 


ND 


5/ NO 


5/ NO 


5/ 


ND 


5/ 


ND 


5/ ND 


5/ ND 


5/ 


ND 


5/ 


ND 


5/ ND 


5/ ND 


5/ 


ND 


5/ 


NO 


5/ ND 


1/ ND 


1/ 


ND 


1/ 


0.00 


1/ ND 


1/ NO 


1/ 


ND 


1/ 


0.005 


1/ NO 


1/ NO 


1/ 


ND 


1/ 


ND 


1/ ND 


2/ 0.8 


2/ 


0.5 


2/ 


0.8 


2/ 1.4 



ND - not dectectable 
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